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Abstract: The signal transducer and activator of transcription 4 (STAT4) rs7574865 polymorphism has been in-
dicated to be correlated with type 1 diabetes (T1D) susceptibility, but study results are still debatable. Thus, a
meta-analysis was conducted. The electronic databases PubMed, Embase, CNKI, and Web of Science (ISI) were
searched to find eligible studies. Data were extracted and pooled odds ratios (OR) with 95% confidence intervals
(Cl) were calculated. A significant association was found between STAT4 rs7574865 polymorphism and T1D risk
(OR=1.30; 95% Cl, 1.13-1.48; P<0.01; I*=73%). Significant associations were also found in Asians (OR=1.33; 95%
Cl, 1.04-1.71; P=0.02; I’=60%) and Caucasians (OR=1.26; 95% Cl, 1.08-1.47; P<0.01; I’=74%), respectively. This
association was also positive in the pediatric patients (OR=1.41; 95% Cl, 1.19-1.68; P<0.01; I’=46%). Moreover, we
found that STAT4 rs7574865 polymorphism was associated with early-onset T1D risk (OR=1.43; 95% Cl, 1.16-1.77;
P<0.01; ’=0%). This meta-analysis suggested that the STAT4 rs7574865 polymorphism may be associated with

T1D development.

Keywords: Type 1 diabetes, signal transducer and activator of transcription 4, genetics

Introduction

Type 1 diabetes (T1D) is an organ-specific auto-
immune disease characterized by the selective
destruction of pancreatic B-cells. It varies from
57.4 cases/100000 per year in Finland to 0.6
cases/100000 per year in India [1]. The inci-
dence of T1D varies among different countries,
which reflects the roles played by genetic and
environmental factors in the ultimate expres-
sion of the disease [2].

Members of the signal transducer and activator
of the transcription (STAT) family are transcrip-
tion factors that mediate the signaling events
of many cytokines in immune and nonimmune
cells [3, 4]. The STAT protein family member
activated by interleukin-12 via its receptor that
has an essential downstream role in Thl cell
differentiation and proliferation. STAT4 is also
involved in the development of a newly discov-
ered subset of Th17 cells, which display a domi-
nant role in autoimmunity-associated inflam-

mation, including T1D [5]. Results from recent
studies have indicated a causal association of
rs7574865 single nucleotide polymorphism in
the STAT4 gene with various autoimmune dis-
eases [6]. The reference of rs7574865 polymor-
phism to T1D is less commonly studied [7-13],
and the molecular mechanisms that underlie
inherited susceptibility toward T1D remain
unclear. In this study, we decided to assess the
association between STAT4 rs7574865 poly-
morphism and T1D risk by meta-analysis.

Materials and methods
Publication search

The electronic databases PubMed, Embase,
CNKI, and Web of Science (ISI) were searched
using the following terms: “STAT4 or signal
transducer and activator of transcription 4” in
combination with “type 1 diabetes or T1D” and
“polymorphism or variant or mutation”.
Additional studies not captured by our data-
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46 records identified through database
searching

1

39 records after duplicates removed

Cls. The random-effects model
was used. The statistical signifi-
cance of summary OR was
determined with Z test. Bet-
ween-study heterogeneity was

30 records excluded:
5 abstracts, 6 reviews, 8 animal studies, 5

irrelevant to T1D, 6 irrelevant to STAT4 statistic (ra nging from O to

assessed by Chi-square test,
and was quantified using the 2

9 full-text articles assessed for eligibility

100%), which was defined as
the percentage of the observed

the usable data

2 full-text articles excluded:
1 not case-control studies, and 1 not present

between-study variability that is
due to heterogeneity rather
than chance. To evaluate the

7 studies included in meta-analysis

Figure 1. Flow of study identification, inclusion, and exclusion.

base searches were identified through review-
ing the reference lists of retrieved articles.

Inclusion and exclusion criteria

All selected studies complied with the following
two criteria: (1) case-control study on the STAT4
rs7574865 polymorphism and T1D risk; (2) suf-
ficient published data for estimating the odds
ratio (OR) with 95% confidence interval (Cl).
Studies were excluded if one of the following
existed: (1) not relevant to T1D or STAT4, (2) not
designed as case-control studies, (3) genotype
frequencies or number not offered, (4) animal
studies, (5) editorials, reviews and abstracts,
and (6) overlapping studies.

Data extraction

Data were extracted independently and entered
into separate databases from each qualified
study: first author’s last name, publication date,
population ethnicity, mean age of patients, gen-
der, sample size, and genotyping method.

Qualitative assessment

Two authors completed the quality assessment
independently. The Newcastle-Ottawa Scale
(NOS) was used to evaluate the methodological
quality. Discrepancies were resolved by con-
sensus and discussion.

Statistical analysis

The strength of the associations between the
STAT4 rs7574865 polymorphism and T1D risk
in allele model was measured by ORs and 95%
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ethnic-specific and age-specific

effects, subgroup analyses

were performed. Publication

bias was assessed by funnel

plots and Egger’s test. All statis-

tical tests were performed by
using STATA 11.0 software (Stata Corporation,
College Station, TX). A P value of <0.05 was
considered significant. All the P values were
two-sided.

Results
Study characteristics

After a comprehensive literature search apply-
ing our inclusion criteria, 7 relevant studies
which comprised 23438 subjects were identi-
fied in the final analysis (Figure 1). There were 4
studies with Caucasians and 3 studies used
Asians. There was only one study with adults,
while the rest of the studies included children.
Three genotyping methods were applied, such
as TagMan, polymerase chain reaction, and
SnaPShot. The quality scores ranged from 7 to
9. The main study characteristics are summa-
rized in Table 1.

Quantitative data synthesis

A significant association was found between
STAT4 rs7574865 polymorphism and T1D risk
(OR=1.30; 95% Cl, 1.13-1.48; P<0.01; I>=73%;
Figure 2). Results of this meta-analysis are
showed in Table 2. Significant associations
were also found in Asians (OR=1.33; 95% ClI,
1.04-1.71; P=0.02; ’=60%) and Caucasians
(OR=1.26; 95% Cl, 1.08-1.47; P<0.01; I’=74%),
respectively. This association was also positive
in the pediatric patients (OR=1.41; 95% CI,
1.19-1.68; P<0.01; ’=46%). Moreover, we
found that STAT4 rs7574865 polymorphism
was associated with early-onset T1D risk
(OR=1.43; 95% Cl, 1.16-1.77; P<0.01; P=0%).
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Table 1. Characteristics of the studies

Author Race Mean age Gender Samplesize  Genotyping method Quality score
Lee/2008 Asian 11.79 Mixed 389/152 TagMan 8
Martinez/2008 Caucasian 15 Mixed 311/716 TagMan 8
Zervou/2008 Caucasian 13.7 Mixed 101/203 PCR 7
Fung/2009 Caucasian NA Mixed 8010/9733 NA 9
Howson/2011 Caucasian 33.3 Mixed 590/938 TagMan 8
Park/2011 Asian 7.5 Mixed 418/1060 TagMan 8
Bi/2013 Asian 16.3 Mixed 410/407 SNaPShot 7
PCR, polymerase chain reaction; NA, not available.
morphism and T1D risk.
sty o We found that STAT4
) rs7574865 polymorphism
D OR (95% Cl) Weight .
contributed to develop
i T1D. In the subgroup anal-
Lee/2008 T 112084145 1154 ysis by ethnicity, we noted
Martinez/2008 —f‘— 1.36(1.07,1.73) 1356 that Caucasians and
Zenvow2008 f_._) 194(129,292) 745 Asians who STAT4 rs-
Fung/2009 = 110(1.04,116) 2295 7574865 polymorphism
Howson/2011 —ti— 1.23(1.09, 1.39) 20.02 had Increased T:LD rISk'
This result suggested that
Park/2011 1.22(0.86, 1.73) 9.12
STAT4  rs7574865 poly-
Bil2013 —_— 162(132,199) 1536 . .
; morphism could influence
Overall (l-squared =73.3%, p =0.001) @ 1.30(1.13, 1.48) 100.00 TlD riSk in different genet—
NOTE: Weights are from random effects analysis i ic backgrounds. In the age
T L T subgroup, we also found a

343 1

Figure 2. Forest plot of the association between STAT4 rs7574865 polymor-

phism and diabetes risk.

Table 2. Results of meta-analysis and subgroup analysis

292

significant association bet-
ween STAT4 rs7574865
polymorphism and TiD
risk in children. This result
indicated that STAT4
rs7574865 polymorphism

Subgroup OR (95% Cl) P Value 12 (%) may play a role in the
Overall 1.30 (1.13-1.48) <0.01 73 development of pediatric
Asian 1.33 (1.04-1.71) 0.02 60 T1D. Furthermore, we also
Caucasian 1.26 (1.08-1.47) <0.01 74 fOLT”d SThA_‘T“ rs7574865
Children 1.41 (1.19-1.68) <0.01 46 POlymorphism was assocl-

ated with early-onset T1D
Early-onset 1.43 (1.16-1.77) <0.01 0

The publication bias of the included studies
was assessed by the funnel plot and Egger’s
test. The funnel plot showed no evidence for
asymmetry (Figure 3). Egger’s linear regression
test showed no significant publication bias was
observed (P=0.22).

Discussion

To our knowledge, this was the most compre-
hensive meta-analysis which investigated the
association between STAT4 rs7574865 poly-
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risk.

STAT4 is expressed in activated peripheral
blood monocytes, dendritic cells, and macro-
phages at sites of inflammation in human
beings [14]; it lies in the signaling pathway of
several important cytokines, including IL-12
and type 1 interferon, as well as IL-23 [15].
STAT4 mediates IL-12 signaling that is critical
for the development of protective immunity in
intracellular infection. The mechanism of
STAT4-mediated IL-12 signaling in such protec-
tion is dependent on the induction of Thl
responses and INF production [16].
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Figure 3. Funnel plot for testing the publication bias.

The present meta-analysis had several limita-
tions. First, due to lacking of the original data of
the eligible studies, we could not perform other
subgroup analyses based on gender, lifestyle,
and so on. Second, the numbers of published
studies were not sufficient for a comprehensive
analysis, particularly for Africans. Third,
because small negative studies are less likely
to published, the possibility of publication bias
cannot be ruled out completely, even though
the Egger’s test and funnel plots did not pro-
vide any evidence of publication bias in this
meta-analysis.

This meta-analysis suggested that the STAT4
rs7574865 polymorphism may be associated
with T1D development. Further studies with a
larger sample size are needed to further assess
the presence of an association.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shulin Chen,
Department of Endocrinology, Yantai Yuhuangding
Hospital Affiliated to Qingdao University, Yantai
264000, China. Tel: 86-0535-6691999; E-mail:
chenshulin2014@sina.com

References

[1] Patterson CC, Dahlquist GG, Gytrus E, Green
A, Soltész G; EURODIAB Study Group. Inci-
dence trends for childhood type 1 diabetes in
Europe during 1989-2003 and predicted new
cases 2005-20: a multicentre prospective reg-

2474

30

(7]

)

(10]

(11]

[12]

40 Rev Immunol 2003; 3:
900-11.
[56] Korman BD, Kastner DL,
Gregersen PK, Remmers
EF. STAT4: genetics, me-
chanisms, and implica-
tions for autoimmunity. Curr Allergy Asthma
Rep 2008; 8: 398-403.
Remmers EF, Plenge RM, Lee AT, Graham RR,
Hom G, Behrens TW, de Bakker PI, Le JM, Lee
HS, Batliwalla F, Li W, Masters SL, Booty MG,
Carulli JP, Padyukov L, Alfredsson L, Klareskog
L, Chen WV, Amos ClI, Criswell LA, Seldin MF,
Kastner DL, Gregersen PK. STAT4 and the risk
of rheumatoid arthritis and systemic lupus ery-
thematosus. N Engl J Med 2007; 357: 977-86.
Lee HS, Park H, Yang S, Kim D, Park Y. STAT4
polymorphism is associated with early-onset
type 1 diabetes, but not with late-onset type 1
diabetes. Ann N 'Y Acad Sci 2008; 1150: 93-8.
Martinez A, Varadé J, Marquez A, Cénit MC, Es-
pino L, Perdigones N, Santiago JL, Fernandez-
Arquero M, de la Calle H, Arroyo R, Mendoza JL,
Fernandez-Gutiérrez B, de la Concha EG, Urce-
lay E. Association of the STAT4 gene with in-
creased susceptibility for some immune-medi-
ated diseases. Arthritis Rheum 2008; 58:
2598-602.
Zervou MI, Mamoulakis D, Panierakis C,
Boumpas DT, Goulielmos GN. STAT4: a risk fac-
tor for type 1 diabetes? Hum Immunol 2008;
69: 647-50.
Fung EY, Smyth DJ, Howson JM, Cooper JD,
Walker NM, Stevens H, Wicker LS, Todd JA.
Analysis of 17 autoimmune disease-associat-
ed variants in type 1 diabetes identifies 6923/
TNFAIP3 as a susceptibility locus. Genes Im-
mun 2009; 10: 188-91.
Howson JM, Rosinger S, Smyth DJ, Boehm BO;
ADBW-END Study Group, Todd JA. Genetic
analysis of adult-onset autoimmune diabetes.
Diabetes 2011; 60: 2645-53.
Park Y, Lee HS, Park Y, Min D, Yang S, Kim D,
Cho B. Evidence for the role of STAT4 as a gen-
eral autoimmunity locus in the Korean popula-

Int J Clin Exp Med 2015;8(2):2471-2475



[13]

(14]

rs7574865 and T1D

tion. Diabetes Metab Res Rev 2011; 27: 867-
71.

Bi C, Li B, Cheng Z, Hu Y, Fang Z, Zhai A. Asso-
ciation study of STAT4 polymorphisms and type
1 diabetes in Northeastern Chinese Han popu-
lation. Tissue Antigens 2013; 81: 137-40.
Frucht DM, Aringer M, Galon J, Danning C,
Brown M, Fan S, Centola M, Wu CY, Yamada N,
El Gabalawy H, O’'Shea JJ. Stat4 is expressed
in activated peripheral blood monocytes, den-
dritic cells, and macrophages at sites of Th1-
mediated inflammation. J Immunol 2000; 164:
4659-64.

2475

(15]

(16]

Murphy KM, Reiner SL. The lineage decisions
of helper T cells. Nat Rev Immunol 2002; 2:
933-44.

Stamm LM, Satoskar AA, Ghosh SK, David JR,
Satoskar AR. STAT-4 mediated IL-12 signaling
pathway is critical for the development of pro-
tective immunity in cutaneous leishmaniasis.
Eur J Immunol 1999; 29: 2524-9.

Int J Clin Exp Med 2015;8(2):2471-2475



